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ABSTRACT: Intact and gonadectomized male and female WAG/ 
Rij rats were used to study the effects of gender and gonadal 
hormones on the development of sensitization and tolerance to 
cocaine-induced changes in EEG and behaviour. The four 
groups of WAG/Rij rats differed in the number of spontaneously 
occurring spike-wave discharges: ovariectomy decreased and 
castration increased the number of spike-wave discharges. This 
confirms that testosterone has antiabsence effects and that fe- 
male gonadal hormones may promote the occurrence of spike- 
wave discharges. Cocaine [10 and 20 mg/kg, intraperitoneally 
(IP)] was administered before and after chronic cocaine admin- 
istration (9 days, one daily injection with 10 mg/kg) and EEG and 
behaviour were monitored. Cocaine strongly suppressed the oc- 
currence of spike-wave discharges before and after chronic ad- 
ministration in all four groups, although the decrease was less 
in the intact males. Sensitization or tolerance induced by co- 
caine on EEG could not be established. Acute cocaine admin- 
istration eliminated explorative, automatic, and passive behav- 
iour, whereas various stereotypical activities such as 
uncoordinated head and body movements and head swaying 
emerged. Differences between groups were observed as intact 
males were less likely than subjects in the three other groups to 
engage in intense stereotyped behaviour. These data suggest 
that testosterone inhibits EEG and behavioural effects of acute 
cocaine administration. All four groups displayed less head 
swaying and more uncoordinated head and body movements 
after chronic cocaine administration, suggesting that behsv- 
ioural sensitization had occurred. Differences between the four 
groups had faded away. Although pharmacokinetic differences 
in levels of cocaine and benzoylecgonine between the four 
groups were found, they could not easily be related to the be- 
havioural differences between groups. 
KEY WORDS: Cocaine, WAG/Rij strain, Rats, Spike-wave dis- 
charges, Chronic treatment, Stereotype behaviour, Gender, Sex 
hormones. 
INTRODUCTION 
Acute administration f cocaine produces an increase in loco- 
motor activity and stereotyped behavior and has stimulant or de- 
pressant effects on the CNS [e.g., (49)]. Chronic cocaine ad- 
ministration may lead to tolerance or sensitization for its 
behavioural nd central effects [16]. Cocaine's timulant or de- 
pressant effect may be evident from its pro- or antiepileptic ac- 
tions. Stripling and Russell [37 ] demonstrated anantiepileptic 
action in rats, and Karler et al. [16] found an initial increase on 
electroshock convulsion threshold. Others have demonstrated a 
proconvulsant effect of cocaine (e.g., flurothyl-induced convul- 
sions in mice were aggravated) [14], and some authors have 
suggested that as a consequence of repeated administration, an
increased sensitivity for cocaine-induced seizures may develop 
[23]. It is interesting to note that in the vast majority of these 
experimental models only male subjects were used and that in- 
formation concerning the effects of cocaine on nonconvulsive 
epilepsy is completely acking. 
It has previously been shown that rats of the WAG/Rij 
strain are genetically predisposed to show spike-wave dis- 
charges in their electroencephalogram (EEG). Spike-wave 
discharges occur spontaneously several hundred times per day 
[41]. These seizures can be blocked by two classes of anti- 
epileptic drugs: the broad-spectrum antiepileptic drugs such 
as benzodiazepines, valproate, and loreclezole; and typical an- 
tiabsence drugs such as trimethadione and ethosuximide 
[1,28]. These data support he validity of the WAG/Rij rat as 
a model for human absence pilepsy [ 5 ], especially as behav- 
ioural experiments have established a decrease in performance 
in a time-estimation task in trials with spike-wave activity in 
both humans and rat [43,44]. 
The present experiment was designed to investigate he effects 
of acute and chronic ocaine administration behaviour and on 
a nonconvulsive type of epilepsy in intact and gonadectomized 
male and female rats. These four groups of rats were included 
because other experiments have shown that gonadal secretions 
may be important determinants of the behavioural effects of acute 
and chronic cocaine administration, forexample [39,40]. In ad- 
dition, plasma concentrations of cocaine and its major metabolite 
benzoylecgonine were determined in anesthesized rats after 
chronic administration to gain some knowledge about possible 
pharmacokinetic d fferences between intact and gonadectomized 
male and female rats. 
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METHODS 
Subjects 
A total of 48 Wistar Albino Glaxo (WAG/Rij) rats served as 
subjects: 24 males and 24 females. They were housed in same- 
sex pairs under a reversed 12 L:12 D cycle (lights on at 2000 
h). When they were 3 mo old, 12 males and 12 females were 
castrated and ovariectomized, respectively, under 45-60 mg/kg 
Nembutal anaesthesia, whereas the other 24 subjects, 12 in each 
group, were sham-operated. At 3 mo later, when the rats were at 
6 mo of age, all rats were equipped again under the same dose 
of Nembutal with a tripolar EEG electrode (MS 333/2-A; Plastic 
One Roanoke, VA, USA).  The first active electrode was placed 
at the frontal region; the second one was located occipitally. The 
reference lectrode was above the cerebellum [41 J. 
EEG Recording 
The EEG signal was amplified and filtered by an Elema- 
SchOnander polygraph; only frequencies between 1 and 70 Hz 
were allowed to pass. The EEG was subsequently stored in dig- 
itized form on magneto-optical disk. The EEGs were visually 
scored off-line on number and duration of spontaneously occur- 
ring spike-wave discharges [ 411. 
Behavioural Recordings 
The following behavioural categories were observed: exploratory 
behaviour (walking, rearing, sniffing, and digging), automatic 
behaviour (grooming, eating, and drinking), and passive behav- 
iour (sitting, lying down, and standing still) [ 81. After the first 
cocaine injections it was obvious that these categories were not 
sufficient o describe the behaviour of the rats adequately, and 
three other behavioural categories were added: standing or sitting 
still with head movements (swaying), standing still with un- 
coordinated head movements, and uncoordinated ambulation. 
Therefore, the cocaine behavioural data are based on fewer sub- 
jects than the EEG data. Behaviour was observed through a 
window from an adjacent room by two experienced observers 
who were blinded as to the treatment groups. The data were re- 
corded and analysed with a PC-based registration software pack- 
age [ 27 ]. 
High-Performance Liquid Chromatography ( HPLC ) 
Concentrations of cocaine and benzoylecgonine were deter- 
mined by HPLC as described by Lampert and Stewart [20 ], Lau 
et al. [ 21 ], and Tebbett and McCartney [38 ]. Briefly, the column 
was C18 spherisorb 50DS 250* 4.6 ram. The mobile phase 
consisted of 50% acetronitrile and 50% orthophosphoric acid 
(0.6 g/ l  plus 0.4 g tetramethylammonium-chloride) ( v/v ). Mo- 
bile flow was 1.5 ml/min, retention time of benzoylecgonine was 
2 min, and that of cocaine was 6 rain. Plasma was extracted with 
baker-bond octadecyl C 18 cartridges. Intraday and interday vari- 
ations of both cocaine and benzoylecgonine were < 10%. Re- 
covery of plasma extraction was 87% for cocaine and 43% for 
benzoylecgonine. 
Procedure 
The animals were allowed to recover from EEG surgery for 
at least a week before they were adapted to the recording leads 
for a minimum of 16 h. The baseline EEG was recorded for 1 h, 
always during the same hour of the dark period. The spontaneous 
behaviour of the rats was observed and quantified for 30 rain 
during the baseline period. Intact females served only when not 
in oestrus. If lordosis occurred in the presence of an adult male 
rat, the animal was excluded from the experiment. Male and ova- 
riectomized rats were placed with a nonreceptive f male or nor- 
real male, respectively, lbr control purposes only. Because co- 
caine disrupts the oestrus cyclicity, it was not thought to be 
meaningful to determine behavioural oestrus before the second 
cocaine tests. 
Acute Effbcts of lO and 20 mg/kg Cocaine 
Alter the behavioural test, all subjects were injected intraper- 
itoneally (IP) with saline in a volume of 1 ml. The EEG was 
then recorded for 1 h, followed by an IP injection of 10 mg/kg 
cocaine hydrochloride (Sigma Chemical Corp., St. Louis, MO) 
and I h of EEG recording, followed by the administration of 20 
mg/kg cocaine hydrochloride, IP, followed by the final hour of 
EEG recording. The spontaneous behaviour of the rats was ob- 
served and quantified for 30 min after saline injection, and after 
10 and 20 mg/kg cocaine as well. Observation always started 5 
rain after injection. 
L~[lect,s qf I0 and 20 mg/kg Cocaine After Chronic' Cocaine 
Administration 
All subjects were subsequently treated with cocaine hydro- 
chloride ( 10 mg/kg) for 9 consecutive days. On day 10 the EEG 
was recorded for 3 successive h at the same time of day as pre- 
viously, the 1st h after administration of saline, and the 2nd h 
after 10 and the 3rd h after 20 mg/kg cocaine hydrochloride, IP. 
Behavioural recordings were made as described for after acute 
administration. The next day, the animals were tested again after 
l0 and 20 mg/kg cocaine hydrochloride, IP, in a pain sensitivity 
test [ 12 ], during which blood samples were collected under ure- 
thane anaesthesia from the internal jugular vein 5, 30, and 55 rain 
after the injection of 10 and 20 mg/kg IP cocaine hydrochloride, 
respectively. 
Statistical Analysis 
Overall effects with respect o number and duration of spike- 
wave discharges, behaviour, and plasma levels of cocaine and 
benzoylecgonine were analysed by means of a two-factor (gen- 
der and hormonal condition) analysis of variance (ANOVA) 
when necessary, fbllowed by posthoc tests according to Duncan. 
If dose-effects had to be established, a three-factor ANOVA was 
done. Within-group effects for establishing tolerance or sensiti- 
zation were analysed with paired t-tests. The differential devel- 
opment of tolerance or sensitization for the four groups was eval- 
uated with a two-factor (gender and hormonal condition) 
ANOVA on the difference scores (data of the first - data of the 
second administration of the same dose of cocaine; saline - co- 
caine 10 mg/kg; or saline - 20 mg/kg).  
RESULTS 
EEGs During Baseline 
Figure 1 shows the number of spike-wave discharges per hour 
for the four groups during the baseline period. Significant differ- 
ences were found for the number of spike-wave discharges (F  = 
4.23, d f  1,36, p < 0.05), as males bad more spike-wave dis- 
charges than females. A significant interaction between gender 
and hormonal condition was found (F  = 4.49, dfl,36,p < 0.05). 
The posthoc test revealed that the castrated males had more 
spike-wave discharges than the ovariectomized females. 
The mean duration of spike-wave discharges did not differ 
among the four groups. A significant gender difference was ob- 
served for the total duration of epileptic activity (F  = 10.4, df 
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FIG. 1. The mean and SEM of the number (top), average duration (mid- 
die), and total duration (bottom) of spike-wave discharges of intact and 
castrated male and intact and ovariectomized female WAG/Rij rats ob- 
served uring baseline conditions. 
1,36, p < 0.01 ). Males scored higher than females, and there 
was also a significant interaction between gender and hormonal 
condition (F = 4.9, df 1,36, p < 0.05). The posthoc test revealed 
that the total duration of epileptic activity was higher for the 
castrated males than for any other group. 
EEG Effects After Acute Cocaine Administration 
Cocaine administration did not induce convulsions, but both 
doses of the drug strongly reduced the number of spike-wave 
discharges. The data are depicted in Fig. 2. 
The within-group comparisons between the saline and the two 
cocaine groups and the ANOVA of the difference scores (saline 
10 mg/kg; and saline 20 mg/kg cocaine), which yielded inter- 
actions between gender and hormonal condition (F = 8.23, df 
1,36,p < 0.01; F = 5.10, dfl,36,p < 0.05), and the subsequent 
posthoc tests confirmed that both doses of cocaine reduced the 
number of spike-wave discharges. The change from control to 
the low dose of cocaine was less (p's < 0.05) for the intact males 
and ovariectomized females compared with that of the castrated 
males. There were no significant differences among the four 
groups with respect to the number of spike-wave discharges after 
the first injection of 10 or after 20 mg/kg cocaine. Because few 
animals had spike-wave discharges after cocaine, it was not 
meaningful toanalyse statistically the mean and total duration of 
spike-wave discharges, although the same tendencies, a decrease 
for the number and total duration of spike-wave discharges was 
generally found. 
EEG Effects of Cocaine After Chronic Administration 
The number of spike-wave discharges was strongly reduced 
after the administration f 10 and 20 mg/kg cocaine. There were 
no differences between the effects of the two doses of cocaine: 
They equally suppressed the number of spike-wave discharges. 
The within-group comparison between the saline and the 10-mg/ 
kg cocaine group, the ANOVA of this difference score, which 
yielded an interaction between gender and hormonal condition 
(F = 5.80, df 3,34, p < 0.05), and the posthoc tests again 
showed a smaller decrease for the intact males and ovariecto- 
mized females compared with the castrated males. The female 
groups did not differ in that respect. The differences between the 
tbur groups in the control and the large-dose cocaine in the re- 
duction of spike-wave discharges had disappeared. No significant 
differences among the four groups in the number of spike-wave 
discharges were detected after 10 or after 20 mg/kg cocaine. 
There was no evidence of tolerance or sensitivity with respect to 
the number of spike-wave discharges as appeared from the t-tests 
for paired observations. 
Behaviour During Baseline 
There were no significant differences between intact and gon- 
adectomized male and female WAG/Rij rats during the baseline 
period. The ANOVA showed a significant interaction of gender 
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FIG. 2. The mean and SEM of the number of spike-wave discharges of 
the base-line period and after 10 and 20 mg/kg cocaine, IP, before (a) 
and after (c) chronic cocaine (9 days) administration (see procedure). 
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and hormonal condition after saline administration lk)r passive 
behaviour (F  = 5.09, df  1,22, p < 0.05): Intact females were 
more active than intact males. The behavioural data observed 
during the l-h precocaine baseline period are presented in 
Fig. 3. 
Acute Effects of Cocaine on Behaviour 
Figure 3 shows the effects of acute cocaine on the time that 
subjects were engaged in the different behavioural activities. In 
general, cocaine reduced automatic and passive behavior and in- 
creased head swaying, immobility with chaotic head movements, 
and uncoordinated ambulation. After 10 mg/kg cocaine, an in- 
teraction between gender and hormonal condition was found for 
head swaying (F  = 5.89, a(f 1,24, p < 0.05): Intact males showed 
more head swaying than subjects in the other groups. After 20 
mg/kg cocaine, rather strong and highly significant effects were 
found for head swaying: Gender (F  = 14.25, d f  1.24, p 
0.001 ), hormonal condition (F  = 22.87, df 1,24, p < 0.0001 ), 
and their interaction (F  = 11.74, df  1,24, p < 0.001 ) were all 
significant. The intact males, who differed from the three other 
groups, showed this behavior almost 74% of the time, castrated 
males 7%, intact females 23%, and ovariectomized females 9%. 
Finally, gender differences were found for uncoordinated head 
movements (F  = 4.62, d f  1,24, p < 0.05 ) : Females howed more 
chaotic behaviour than males. 
Behavioural EfJects of Cocaine After Chronic Administration 
No differences were found among the lbur groups after saline 
administration. Qualitatively, the effects of cocaine after chronic 
administration seemed to be even more intense than after the 
acute injection. A dose of 10 mg/kg cocaine reduced passive and 
automatic behavior and increased uncoordinated head move- 
ments and uncoordinated ambulation, whereas 20 mg/kg cocaine 
abolished almost all explorative, automatic, and passive behav- 
iour and further increased stereotype behaviour. A significant 
gender (F = 4.54, df  1,24, p < 0.05 ), hormonal condition (F - 
7.74. ~t[1,24, p < 0.01 ) and a significant interaction effect (F  = 
4.67. dfl ,24,p < 0.05) was found after 10 mg/kg cocaine: Intact 
male WAG/Ri j  rats were more passive than subjects in the three 
other groups. Females also showed more uncoordinated head 
movements than males (F = 7.49, df 1,24, p < 0.05), but the 
lighter form of stereotype behaviour, head swaying, (F  = 8.44, 
~tfl.24, p < 0.01 ) occurred more often in males. There were no 
differences between the groups after 20 mg/kg of cocaine. 
E+omparison Between Acute and Chronic Cocaine Effects on 
Beha viour 
As can be seen in Fig. 3, behaviour after saline administration 
was not substantially different before and following chronic co- 
caine administration; only exploratory behaviour was increased 
after chronic administration in castrated male rats. However, 
large differences before and after chronic treatment were ob- 
served mainly in intact male rats after both 10 and 20 mg/kg 
cocaine, as became evident from the within-group comparisons 
and from the ANOVA of the difference score (days 1-9) .  After 
10 mg/kg cocaine following chronic administration, head sway- 
mg was decreased (p < 0.01 ) and chaotic head movements and 
uncoordinated ambulation were increased (p's < 0.05). Passive 
behaviour decreased (p < 0.05) only in both female groups. 
Differences before and after chronic treatment were also present 
for intact males after 20 mg/kg cocaine following chronic co- 
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FIG. 3. The mean and SEM of the duration of six behavioural categories as observed in the home cage during the baseline period, and after saline 
and 10 and 20 mg/kg cocaine before (acute) and alter (chronic) intermittent (9 days, one injection of 10 mg/kg daily) injections of cocaine. (a) 
explorative, (b) automatic, (c) passive, (d) head swaying, (e) uncoordinated head movements, and (t) uncoordinated ambulation are depicted. 
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caine administration. Head swaying decreased (p < 0.0001 ), and 
chaotic head movements and uncoordinated ambulation (p ' s  < 
0.05) were increased. The ANOVA confirmed the differential 
response among the four groups after chronic treatment, and a 
gender (F  = 5.20, df 1,22, p < 0.01 ), hormonal condition (F  = 
15.88, df 1,22, p < 0.001) and an interaction effect (F  = 5.98, 
df 1,22, p < 0.05 ) were observed for head swaying: Intact males 
showed a larger decrease following chronic cocaine administra- 
tion than the three other groups. The ANOVA for chaotic head 
movements showed a gender difference (F  = 4.66, df 1,22, p < 
0.05: an increase for males and a decrease for females) and a 
hormonal effect (F  = 5.86, df 1,22, p < 0.05). This effects was 
caused by an increase in chaotic head movements for the intact 
males and a decrease for the other three groups. 
Cocaine Levels 
Plasma concentrations of cocaine and benzoylecgonine as 
measured 10, 30, and 55 min after 10 and 20 mg/kg  cocaine 
administration and areas under the curve (AUC)  for the four 
groups are presented in Table 1. After 10 mg/kg  cocaine, the 
concentration of cocaine decreased over time (p < 0.05) for 
males only as appeared from the t-test for paired observations 
(the difference between the score at 10 - the score at 55 rain 
after administration). The concentrations of benzoylecgonine 
tended to increase, although this difference was only significant 
(p < 0.05) for intact males. After 20 mg/kg,  a steady state was 
found in the plasma concentrations of cocaine except for the in- 
tact males, which showed a decrease. The concentration of ben- 
zoylecgonine increased (p ' s  < 0.05) for all four groups. 
Higher concentrations of cocaine (F  = 103.98, df 1,51, p < 
0.0001) and benzoylecgonine (F = 81.46, df 1,52, p < 0.001) 
were found after 20 mg/kg than after 10 mg/kg cocaine. Differ- 
ences among the four groups after the injection of 10 mg/kg were 
found for the AUC (F  = 6.77, df 1,25, p < 0.05): The males 
had a higher cocaine concentration than the females. Differences 
among the four groups were also found for the AUC (F  = 5.26, 
df 1,26, p < 0.05) and for the cocaine concentration 55 min after 
the injection of 20 mg/kg  (F  = 9.56, df 1,28, p < 0.01), the 
gonadectomized animals had a larger area and a corresponding 
higher concentration than the intact groups. This latter effect was 
also evident from the decrease over time; after 20 mg/kg the 
gonadectomized animals eliminated cocaine more slowly than 
did the intact animals (F  -- 4.36, df 1,27, p < 0.05). Differences 
among the four groups were not detected for benzoylecgonine. 
DISCUSSION 
The results of the present experiment are important for a num- 
ber of reasons, because gender and hormonal effects were found 
on epilepsy parameters and cocaine yielded differential effects in 
the four groups of rats. First, gender and hormonal effects on 
spike-wave discharges will be discussed, followed by the effects 
of cocaine after acute and chronic administration on behaviour. 
Intact male and female rats of the WAG/R i j  strain exhibited 
spike-wave discharges, as described earlier [e.g., (5,41)] .  Gen- 
der differences with respect to number and total duration of 
spike-wave discharges were observed: Males had more and 
longer spike-wave discharges than females. This difference be- 
tween the sexes was mainly due to the contribution of the cas- 
trated males, who showed the largest number of spike-wave dis- 
charges. There were no differences between intact males and 
females. This latter finding is in agreement with an earlier study 
in which no differences between intact males and females were 
found [7 ], and with the finding that the epileptic gene thought 
to be responsible for the presence of spike-wave discharges in 
this particular strain is not coupled to the sex chromosome and 
therefore autosomal dominant [28].  
Sex differences have been observed in other epilepsy models. 
For instance, Wilson [47] reported that males are more suscep- 
tible to bicuculline-induced seizures than females. In agreement 
with these observations, Kokka et al. [17] provided evidence to 
TABLE 1 
MEAN AND SEM OF PLASMA CONCENTRATION (#g/ml) OBSERVED 5, 30, AND 55 rnin AND AREA UNDER THE CURVE (AUC ~/ml.h) OF 
COCAINE AND BENZOYLECGONINE FOLLOWING 10 AND 20 mg/kg OF IP COCAINE 
Cocaine 
Group Dose of Cocaine 5 min 30 min 55 min AUC 
Intact males (n = 7-8) 
Castrated males (n = 7-9) 
Intact females (n = 7-9) 
Ovariectomized females (n = 6-7) 
Intact males (n = 8-9) 
Castrated males (n = 7-9) 
Intact females (n = 7-9) 
Ovariectomized females (n = 7) 
10 0.42 ± 0.06 0.36 ± 0.06 0.25 ± 0.04 0.31 + 0.03 
20 1.53 ± 0.27 1.27 ± 0.27 0.89 ± 0.13 1.13 ± 0.20 
10 0.48 ± 0.13 0.34 _+ 0.04 0.26 ± 0.05 0.31 ± 0.06 
20 1.80 ± 0.27 1.78 _+ 0.23 2.01 ± 0.31 1.77 ± 0.26 
10 0.32 ± 0.04 0.29 ± 0.03 0.23 ± 0.02 0.24 _+ 0.02 
20 1.17 ± 0.28 1.08 ± 0.23 1.13 ± 0.31 1.05 ± 0.24 
10 0.31 ± 0.10 0.23 ± 0.04 0.17 ± 0.02 0.20 ± 0.04 
20 1.48 ± 0.17 1.42 ± 0.14 1.61 ± 0.25 1.35 ± 0.12 
Benzoylecgonine 
10 0.33 + 0.08 0.44 ± 0.08 0.50 ± 0.05 0.37 ± 0.05 
20 1.70 ± 0.22 2.45 _+ 0.38 3.14 ± 0.52 2.31 ± 0.31 
10 0.45 +_ 0.11 0.57 ± 0.12 0.99 ___ 0.43 0.58 ± 0.07 
20 2.16 ~ 0.31 3.88 ± 1.0 4.78 ± 1.2 3.43 ± 0.89 
10 0.32 ± 0.05 0.41 _+ 0.06 0.78 ± 0.24 0.39 ___ 0.05 
20 1.70 ± 0.36 2.52 ± 0.58 2.65 ± 0.65 2.14 ± 0.47 
10 0.35 _+ 0.06 0.40 ± 0.07 0.54 ± 0.09 0.38 ± 0.05 
20 1.94 ± 0.24 2.58 ± 0.40 3.65 ± 0.46 2.39 ± 0.27 
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show that males have a lower threshold than females for seizures 
induced by pentylenetetrazol. Others, however, have shown that 
females are more susceptible than males for audiogenic convul- 
sions [25]. These three studies illustrate that the direction of sex 
differences in susceptibility orsensitivity for convulsive epilepsy 
in intact animals largely depends on the type and nature of the 
epilepsy model. In any case, gender effects appear to be present 
in models in which epilepsy is chemically or otherwise induced, 
and are absent in a genetic model for absence pilepsy. 
The significant interaction between gender and gonadectomy 
suggests that spike-wave activity may be functionally related to 
testosterone activity, and the difference between intact and gon- 
adectomized animals uggests that testosterone has antiabsence 
effects. Testosterone does nor prevent onic-clonic seizures in 
dogs [9], but it diminishes audiogenic seizures in rats [46]. 
Thus, it seems that both audiogenic seizures and spike-wave dis- 
charges are inhibited by testosterone and that testosterone has, 
albeit weak, both anticonvulsant and antiabsence properties [ 10 ]. 
Ovariectomy reduced spike-wave discharges in female rats, 
suggesting that oestradiol facilitates spike-wave discharges in in- 
tact animals. This confirms the general view that estrogenes are 
proconvulsant as hippocampal nd amygdaloid seizure thresh- 
olds are decreased [48] and hippocampal discharge rate is en- 
hanced [3l]. Also, Newmark and Penry [26] concluded that 
there is an increased seizure sensitivity to estrogenes in a wide 
variety of models. In woman, ahigher seizure frequency has been 
linked to peak oestrogen levels during the menstrual cycle [ 24 ]. 
B~ickstrrm [ 2 ] observed in patients with mixed seizure types that 
the generalised seizures, but not the partial ones, appeared to be 
cyclic and were associated with changes in oestrogen levels in 
the ovulatory patients. Puberty in man is also the period in which 
absences may change into more serious types of generalised ep- 
ilepsy, and female sex hormones might be involved in this effect. 
We suggest that the slightly less favourable prognosis for girls 
than for boys [11,34] may be a result of the proconvulsant effects 
of female steroid hormones and the antiepileptic activity of tes- 
tosterone. 
It appears to be without doubt han male and female sex hor- 
mones have an effect on the CNS and that steroid hormones also 
affect halamic areas [ 22 ]. Spike-wave discharges are thought to 
result from the interplay of an thalamic oscillator and a reciprocal 
connection of thalamic and cortical neuronal populations [ 3,36 ]. 
This opens the possibility that sex hormones may have a specific 
action on thalamic neurotransmission andthat hey may modulate 
the amount of spike-wave activity [22 ]. Future xperiments may 
show that intrathalamic injections of testosterone inhibits and 
oestradiol facilitates the number and duration of spike-wave dis- 
charges. 
Administration of 10 and 20 mg/kg cocaine almost com- 
pletely eliminated spike-wave discharges, and there were no gen- 
der differences after the injection. However, the diminishment of 
the number of spike-wave discharges as appeared from the com- 
parison between saline and cocaine was significantly ess in intact 
males compared with the three other conditions, uggesting that 
testosterone r duced the effects of the lower dose of cocaine. 
There are two not necessarily exclusive ways to explain the sup- 
pressing effects of cocaine on the number of spike-wave dis- 
charges. The first line of reasoning is based on the well-known 
relationship between vigilance states, locomotor activity, and 
spike-wave discharges. Spike-wave discharges predominantly 
occur during immobility when vigilance levels are relatively low 
[5,6,13]. High levels of locomotor activity including stereotyp- 
ical behavior, as observed in the present experiment after cocaine 
administration suppressed spike-wave discharges. Another ex- 
planation for the effects of cocaine on spike-wave activity em- 
phasizes cocaine's activity as a dopaminergic agonist. Cocaine 
is a potent inhibitor of dopamine reuptake [15]; it binds to the 
dopamine transporter and potentiates dopaminergic neurotrans- 
mission [19]. It is well known that dopaminergic antagonists 
increase the number of spike-wave discharges [45 ], and it seems 
logical that the dopaminergic agonist cocaine decreases spike- 
wave activity, although cocaine's effects on serotonergic and 
noradrenergic systems cannot be excluded. 
Intact females were more active than intact males after saline 
injection in the home cage. This is in agreement with a large 
amount of literature in which open-field ambulation and wheel 
running was measured [40] and in which an activating effect of 
estradiol was found [4]. 
Acute cocaine administration i duced several behavioural 
changes, in agreement with results reported by others [30]. All 
animals became more active, but the type and nature of the be- 
havior was dramatically changed as exploratory activity and au- 
tomatic and passive behavior were reduced and stereotypic head 
movements ( waying), chaotic head movements, and uncon- 
trolled ambulation were increased. Also after amphetamine, an- 
other central stimulant, stereotype head movements are dose-de- 
pendently increased and concomitant automatic behaviour, 
mainly grooming is decreased [ 33 ]. The type of the behavioural 
changes eemed to be qualitatively and quantitatively different 
for the four groups. Cocaine increased milder forms of stereo- 
typical behaviour such as immobility with head swaying in intact 
males, but the more severe forms of stereotypical behaviour were 
predominant in the other three groups of subjects. This was also 
at least partly reflected in more uncoordinated head movements 
in females than in males. Others have described that females 
show larger initial effects of cocaine than males (Glick and 
Hinds, 1984). From these our present data it can be inferred that 
testosterone r duces the behavioural effects of a single dose of 
cocaine. 
In an earlier study, van Haaren and Meyer [39] noticed that 
intact females were more sensitive than ovariectomized females 
and intact and castrated males to acute cocaine administration 
when they measured distance travelled. The present results only 
partially confirm this observation but suggest, in addition, that 
testosterone may play a role in the acute behavioural effects of 
cocaine. The lack of clear behavioural differences between intact 
and ovariectomized female rats found in the present study cor- 
responds well with the data from Peris et al. [30]. These authors 
did not find an effect of female sex hormones on behaviour after 
a single injection of cocaine. 
The behavioural effects of cocaine after chronic administra- 
tion found in the present experiment differed from those found 
after acute cocaine administration in at least two ways. First of 
all, the behavioural effects seemed to be more serious or more 
intense: All groups tended to exhibit more uncontrolled ambu- 
lation, the most intense type of stereotypical behaviour. This ob- 
servation suggests that chronic cocaine administration leads to 
behavioural sensitization [30,32]. Others have found similar ef- 
fects after a similar drug administration design for amphetamine 
[33,35]. Second, the differences between the four groups ap- 
peared to be smaller after chronic cocaine administration. This 
was apparent from the lack of differences among the four groups 
after 20 mg/kg. Intact males showed uncontrolled head move- 
ments and ambulation after the high dose, in contrast to what was 
seen after the acute dose, and no longer differed from the other 
three groups. The lack of differences among the four groups after 
the highest dose of cocaine might also suggest that a ceiling effect 
emerged after this dose: All animals were engaged to a large 
extent in the intense stereotypy and displayed uncoordinated am- 
bulation or head movements. This ceiling effect was not present 
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after the low dose of cocaine: Females howed the more intense 
stereotyped behaviour, whereas the males were predominantly 
engaged in head swaying. The intact males still showed more 
passive behaviour than the three other groups, suggesting that 
after intermittent chronic cocaine administration testosterone still 
reduces the behavioural effects of cocaine. 
The design also allowed us to answer questions about whether 
the rate of sensitization differed for the four groups. Only the 
intact males were clearly different in that respect, as head sway- 
ing was decreased and uncoordinated head movements and un- 
coordinated ambulation were increased after chronic compared 
with acute cocaine administration. These data suggest hat intact 
and ovariectomized female rats sensitize in a comparable way, 
but that intact males sensitize faster than castrated males and 
intact and overiectomized females. The first part of this conclu- 
sion is in agreement with Robinson and Becker [ 33] for behav- 
ioural sensitization i duced by amphetamine; the second part is 
opposite to theirs. However, two remarks are imperative. First, 
the sensitization parameter, the amount of change, is partly de- 
pendent on the score after acute administration. This did not al- 
low a clear conclusion as to whether the intact males differ from 
the three other groups, or whether sensitization develops differ- 
ently. Second, it also seems that the development of sensitization 
depends on the choice of dependent variable and properties of 
the testing environment, ravel distance in an ambulation box 
compared with six behavioural categories measured in the home 
cage [39,49]. 
Plasma concentrations of both cocaine and benzoylecgonine 
were found to be dependent on the dose. A decrease in cocaine 
and an increase in benzoylecgonine plasma concentration over 
time was found after the low and high dose of cocaine for intact 
males. The castrated males also showed a decrease in cocaine 
plasma concentration after the low dose. The other groups 
showed a steady-state concentration of cocaine and benzoylec- 
gonine, and all groups showed an increase in benzoylecgonine 
after the high dose of cocaine. Despite some of these differences 
in within-group comparisons, generally few differences between 
the four groups were found, suggesting that there were no im- 
portant differences among the four groups. It must be admitted 
that this way of drug administration (IP and cumulative dose) 
does not allow adequate modelling of the pharmacokinetic pa- 
rameters; in particular, the concentrations after the 20 mg/kg are 
difficult to interpret. Moreover, only cocaine's major metabolite 
was measured, not all metabolites. 
However, the higher AUC after the low dose for the males 
suggests that there are some pharmacokinetic differences among 
the four groups after chronic administration of cocaine, and we 
suggest hat the clearance might be smaller for males than for 
females. Also, gonadectomy might have a reducing effect on 
clearance, as the gonadectomized animals had a larger AUC and 
a correspondingly higher concentration than the intact groups, 
but this effect was only found after the second injection. It is not 
clear whether this latter effect might also be present when inde- 
pendent groups had been used for establishing pharrnacokinetic 
differences among the four conditions. The pharmacokinetic data 
were intended to be correlated to behavioural and EEG param- 
eters; although differences in kinetics were suggested by our data, 
the behavioural differences (e.g., more passive behaviour for in- 
tact males only) could not be related to plasma levels, because 
only a gender effect and no interaction was found for pharma- 
cokinetic variables. The EEG data did not reveal differences after 
chronic administration. Therefore, the pharmacokinetic differ- 
ences found among the four groups could not be related to the 
behavioural and EEG data. Moreover, the dynamic effects are 
the result of the actions of cocaine and its active metabolite. To 
correlate pharmacodynamic effects with each of the metabolites, 
they all must be administered as the parent drug. 
It can be concluded that endogenous gonadal hormones influ- 
ence spike-wave activity differentially in male and female rats, 
and that cocaine administration i hibits spike-wave activity but 
less in intact males than in castrated males, suggesting that tes- 
tosterone inhibits the EEG effects of cocaine. Testosteron also 
inhibits cocaine-induced behavioural effects, and head swaying, 
chaotic head movements, and uncoordinated ambulation were 
sensitive parameters. Furthermore, behavioural sensitization oc- 
curs after chronic intermittent cocaine administration. Behav- 
ioural sensitization seemed to be facilitated by testosterone, but 
this can be questioned, as there were also acute behavioural dif- 
ferences. Although gender differences in plasma concentrations 
of cocaine and benzoylecgonine were found, they could not be 
attributed to the behavioural or EEG effects of cocaine. The study 
of factors that determine individual differences in drug-induced 
behaviour might be of value in the future. 
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